Ifenprodil blocks N-methyl-D-aspartate receptors by a two-component mechanism.
The inhibition of N-methyl-D-aspartate (NMDA) receptor channels by the vasodilatory and anti-ischemic agent ifenprodil was examined on cultured rat hippocampal neurons. Whole-cell and single-channel patch recordings were used. Ifenprodil inhibition of NMDA currents could be separated into two components, with IC50 values of 0.75 and 161 microM. The high and low affinity components were both voltage independent but could be separated by their kinetics and dependence on extracellular calcium and glycine. The maximal inhibition of inward current by ifenprodil (approximately 90%) was equally divided between the two components in 0.3 mM extracellular calcium and 500 nM glycine. The low affinity action of ifenprodil had rapid kinetics and appeared to result from allosteric inhibition of the glycine modulatory site on the NMDA receptor. The macroscopic kinetics of the high affinity component were slow. The rate of onset was concentration dependent, and complete recovery required 1-2 min. Unlike open-channel blockers, ifenprodil block was not use dependent, and pre-exposure to ifenprodil also reduced subsequent NMDA responses. Low concentrations of ifenprodil were less effective after calcium-dependent inactivation of whole-cell currents, but the IC50 was unaffected, suggesting that calcium and ifenprodil act on a common set of channels. On outside-out membrane patches, ifenprodil reduced the frequency of channel opening without altering the single-channel conductance. Open time histograms of the large conductance events revealed two mean open times of approximately 2 and 8 msec, but only the duration of the long openings was decreased by ifenprodil. This effect was concentration dependent and revealed a blocking rate constant of 6 x 10(7) M-1sec-1. However, the proportion of current blocked by low concentrations of ifenprodil was larger in outside-out patches than in whole-cell recordings, suggesting that intracellular factors may influence ifenprodil efficacy. These results indicate that high affinity ifenprodil binding is extracellular and does not require agonist binding or channel opening. Because low concentrations of ifenprodil only partially inhibited the current and affected only the long openings, ifenprodil may promote a modal shift in channel gating.